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(57) Abstract 

A multicarrior transceiver is provided with a sleep mode in 
whMi It idles with reduced power consumption when it Es ikot 
needed to tfanamit or receive data. The full transmission and 
reception capabilities of the transceiver arc quicUy restored when 
needed, without requiring (he full (artd time-consamuig) mitialikation 
commonly needed to restore such tiansceivcre to operation after 
inactivity. 
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MULTICARRIER TRANSMISSION SYSTEM WITH LOW 
POWER SLEEP MODE AND RAPID-ON CAPABILITY 

BACKGROUND OF THE INVENTION 

The invention relates to multicarrier transmission systems, and comprises method 
3 and apparatus for establishing a power management sleep state in a multicarrier system. 

SUMMARY OF THE INVENTION 

Multicarrier transmission systems provide high speed data links between com- 
munication points. Such systemis have recently been introduced for communications 
over the local subscriber loop that connects a telephone service subscriber to a central 
10 telephone office; in this important application they are commonly referred to as **xDSL" 
systems, where the '^x*" spedfies a particular variant of DSL (digital subscriber loop) 
communications, e.g., ADSL (asynchronous digital subscariber loop), HDSL (High- 
Speed Dighal Subscriber Loop), etc. These wU be referxBd to genericafly herein simply 
as "DSL** systems. Li such systems, a pair of transceivm communicate with other by 
15 dividing the overall bandwidth of the channel interconnecting the subscriber and the 
centraJ oflBce into a large number of separate subchannels, each of limited bandwidth, 
operating in parallel with each other. For example, one common system divides the sub- 
scriber line channel into two hundred and fifty sue subchaimels, each of four Idlohertz 
bandwidth. A first group of these (e.g., one hundred ninety six) is allocated to commu- 
20 nications from the central office to the subscriber (this is known as the "downstream" 
direction); a second group (e.g., fifty-five) is allocated to communications firom the sub- 
sttiber to the central office (this is known as the "upstream" direction). The remaining 
subchannels are allocated to administrative, control and overhead functions. 

Data to be communicated over the link is divided into groups of bits, one group 
35 for each aibchannel. The group of bits allocated to a given subchannel is modulated 
onto a canier whose frequency is specific to that channel. Typically, quadrature ampli- 
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tude modulation (QAM) is used for this purpose, and the group of bits is mapped into a 
vector defined by one of the points of a "constellatioa" which specifies the allowable 
data points for transmission over that subchannel at a particular time. Each vector or 
data point thus comprises a unique symbol representing a specific bit configuration for 
5 transmission as a group over its associated subchannel. During the time period aUocated 
for transmission of a symbol (commonly referred to as a "symbol period" or "fiame**), 
each subchannel uansmits its symbol in parallel with aU other subchannels so that large 
amounts of data can be transmitted during each fiame. 

The number of bits carried by a symbol is dependent on the characteristics of the 
10 subchannel over which it is to be transmitted. This may vary from one subchannel to 
another. The principal determinant is the signal-to-noise ratio of the subchanneL Ac- 
cordingly/this parameter js measured from time to time in order to ascertain its vahie for 
each subchannel, and thus detetmine the number of bits to be transmitted on the particu- 
lar subchannel at a given time. 

The telephone channel is subject to a number of impairmems which must be 
compensated for in order to ensure reliable transmission. Phase (delay) distortion of the 
transmitted signal is typicafly the most limiting of these impairments. This distortion is 
frcquaicy-dependCTt, and thus components of a signal at different frequencies are 
shifted by varying amounts, thereby distorting the signal and increasing the hTcelihood of 
20 erroneous detection unless provision is made to combat it. To this end, frequency 

(FDQ) and time delay (TDQ) equalizers are commonly mcorporated into the transmis- 
sion channel m order to equalize the phase (time) delay across the chamie! frequency 
band. 

Olh^ impairments also exist. For example, frequency-dependent signal attenua- 
25 tiiwi adversely affects signal transmission on the telephone line. This is compensated by 
the use of gain equalizers on the line. Echo on the line is handled by the use of echo 
canceUcrs. and phase and frequency offsets which may arise, for example, from the use 
of fiequency-division-multiplexing in the telephone system must also be correrted for. 



IS 
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The problem of signal impairment is especially serious in those xDSL configura- 
tions which carry the DSL conummicadons on a common line with ordinary voice com- 
munications but which omit the use of a "splitter^^ at either the subscriber premises or 
the central office or both. A "splitter'' is basically a filter which separates the low- 
s frequency voice communications (c.g., from zero to four kiloheitz) fi-om the higher- 
frequency data consmunicatmns (which may extend up into the megahertz band) and 
provides a strong degree of isolation between the two. In the absence of a splitter, 
unique provisions must be made to accommodate voice and data communications on the 
same line. For a more detailed description of the problem and its soUition, see the co- 
10 pending application of Richard Gross et al. entitled "Splitterless Multicarrier Modern^, 
Serial No. ^^^^ filed and assigned to the assignee of the present invention. 

Because of their extensive use in Internet communications as well as in other 
applications, DSL transceivers are commonly maintained in the "on" stale^ ready to 
transmit or receive once they have been installed and initialized. Thus, sudi modems 

IS consume a significant amount of power, even when they are not actively transmitting or 
receiving data. It is generally desirable to Emit this power consumption, both Sat emi' 
ronmental reasons as well as to prolong the life of the equipment Further, such mo^ 
dems may be implemented or incorporated in part or in whole in computer equipment 
such as in personal computers for home and business use, and such computers increas* 

20 ingiy incorporate power conservation procedures. See» for example. U.S. Patent No. 
5,428,790, 'Computer Power Management System", issued June 27, 1995 on the appli- 
cation of L. D. Harper. Thus, it is dearable to provide an ADSL modem which can ac- 
commodate power conservation procedures. 

Because of the complexity of DSL transceivers, and the conditions under whxdi 
25 they must operate, it is necessary to initialize them prior to the transmission and recep- 
tion of data. This initialization includes, inter alia^ channel corrections such as 
**tiaintng" the frequency- and time-domain equalizers and the echo cancellers; setting the 
channel gains; adjusting for phase and frequency offiMs; and the like. Additionally, it 
includes measuring the signal-to-noise ratio of each of the subchannels, calculating tfie 
30 bit-allocation tables characteristic of each under given conditions of transmission, and 
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exchanging these tables with other modems with a given modem communicates. For 
more detailed discussion of these procedures, reefer to the application of Richard Gross 
et al., cited above and incorporated herein by reference. These procedures can require 
ftom tens to hundreds of seconds. In a new installation, the time required is inconse- 
5 quential. However, in an alreadyoperating installation, the time required to initialize or 
re-initialize the system after a suspension of operation in connection with power censer- 
vation is generally unacceptable, since it is typically desired to have the modem respond 
to request for service nearly instantaneously. 

Accordingly, it is an object of the invention to provide a multicaiiier transmis- 
sion system having a low power sleep mode and a rapid-on capability. 

Further, it is an object of the invention to provide a muhicaitier transnussion 
system for use in digital subscriber line communications that can rapidly switdi from a 
sleep mode to a fiiO-on condition. 

Still another object of the invention is to provide a DSL system that can rcadUy 
be integrated into a computer having a love power sle^ mode and which is capable of 
rapid return to full operation. 



BRIEF DESCRIFnON OF THE DRAWINGS 

The invention description below refo^ to the accompanying drawings, of which: 
Fig. 1 is a Uock and line diagram of a muhicarTier transmission sysbeia in accor- 
20 dance with the present invention; and 

Fig. 2 is a flow diagram of the operation of the present invention. 

DETAILED DESCRIPIION OF AN nXUSTRAllVE EMBODIMENT 



19 



In Hgure 1, a DSL transceiver 10 in accordance with the present invention has a 
25 transmitter secti'on 12 for transmitting data over a digital subscriber line 14 and a re- 
ceiver section lis for receiving data from the line. The transmitter section 12 is fonned 
from an input buffer and converter 18 that receives a serial string of data (e.g., binaiy 
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digits) to be transmitted and converts the data into a plurality of pains of complex-valued 
symbols Xi and their conjugates Xk.( =X*i, i = 0, 1. „-.K These pairs of symbols are 
applied to an Inverse Fast Fourier Transform (IFFT) 20 to provide real time output sig- 
nals Xj, j = 0, 1, N/2 -1 . The latter in turn are converted to serial form in a parallel- 

5 to-serial converter 22 and then applied to a digital-to-analog converter 24 for applica* 
tion to a line driver.26. The converter may apply a cyclic prefix to the signals :^ to com- 
bat intersymbol interference caused by the transmission medium. The driver 26 may in- 
corporate a gain control section 26a for controlling the signal amplitude (and thus 
power) as it is applied to a communication channel such as a digital subscriber line 24. 

10 IFFT 20 may be viewed as a data modulator. The symbols Xi ^ and their conju- 

gates Xhu , correspond to data points defining signal v^ors in a quadrature amplitude 
modulation (QAM) constellation set. The converter 18 forms the respective symbols 
fimn the input data with the aid of a bit allocation table (BAT) 28 which specifies, for 
each subchannel^ the number of bits to be carried by the symbol transmitted over that 

IS subchannel, and thus defines the data point to be associated with the symbol This table 
is typically calculated at the transceiver and transnutted to other transceivers with which 
the instant transceiver conirnunicat.es, to thereby enable them to decode the symbols re- 
ceived by them from the instant transceiver. 

The number of bits which each symbol carries is determined by the diaracteris- 
20 tics of the subchfumel over which the symbol is to be transmitted, and particularly by the 
signal-to^noise ratio of the subchannel. Procedure for this calculation are known. Figure 
lA shows an example of such a table as formed and stored at transceiver 10. Thus^ the 
symbol to be transnutted over subchaiuiel 50 may be determined to have an allocation of 
ax bits; that of subchanel 5I» sbc bhs; that of subdiannel 52, seven bits, etc. 

23 A Clock 30 controls the timing of the operation of the transnuuer 12. It supplies 

input to a Controller 32 which controls the individual units of the transmitter. In the 
case of a transceiver located at a central telephone ofi&ce^ the clock 30 typically is a 
master clock to which a remote transceKrer, such as at a subscriber premises, wiU be 
synchronized In the case of a transceiver at the subscriber premises, such as is shown 

30 her for purposes of illustration, the clock is derived from the master dock at the central 
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office as described more fiiUy below in connectLon with the receiver portion of the trans- 
ceiver. A Frame Counter (FC) 36 coimected to the controller 32 maintains a count of 
the number of frames of data transmitted or received by the transceiver. Finally, a State 
Memory (SM) connected to the controller 34 records the state of the transceiver for 
$ reasons discussed more fully b^ow. 

Turning now to the receiver section 16, it is formed from a line conditioner SO; 
an analog-tO"di^tal converter (ADC) 52; a serial-to-parallel convMter 54; a Fast Fourier 
Transform QFFT) section 56; a detector 58; and a parallel-to-serial converter 60. The 
conditioner 50 conq>ensates for transmis^n distortions introduced by the line 14, and 

10 commonly includes a frequency-domain equalizer (FDQ) 50a; a time-domain equaUzer 
(TDQ) 50b; and an echo canceller (EC) 50c, among other elements. The ADC 52 con- 
verts the recdved signal to digital fonn and applies it to the serial-to-parallel converter 
54, The convertCT 54 removes any cyclic prefix that may have been appended to the 
signal before it was transmitted, and applies the resultant signal to the FFT 56 whic^ e£- 

15 fectively "demodulates" the received signal. The output of the FFT is applied to de^ 
coderSS which, in conjunction with a bit^allocation-table 62, recovers the symbols 
and the bits associated with them. The output of detector 58 is applied to the paraHel- 
to-seiial converter 60 which restores the data stream that was ori^alty applied to the 
transmitter, 

20 A phase-lock loop (FILL) 62 receives from the line conditioner 50 a tinung refer- 

ence agnal transmitted from the transmitter with whidi it commuMcaies (e.g., the CO 
transceiver). The PLL 62 locks itself to this signal and drives a clock 64 in synchronism 
with the Master Clock in the driving transmiacr. Control of the receiver section is pro- 
vided by the controller 32, 

25 As noted earlier, the transceiver of the present invention will commonly be in- 

corporated in a computer such as a personal conqnjter; indeed, it nmy be implemented as 
an integral part of such a computer, wMch may have a power conservation capability for 
activation wheti the computer is not in active operation. It is thus desirable that the 
transcdver be able to suspend operations and enter a "sleep" mode in which it consumes 

^ reduced power -when it is not needed for data transmission or recq>tion, but noneth^ess 
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be able to resume transmission or reception almost instantaneously. e.g., with less than a 
one-second delay. This is accomplished in the present invention as follows. 

For purposes of illustration, the operation of the mvention will be explained in 
tenns of a transcdver located at a customer premises (herein termed &e "CPE trans- 
5 ceivcr") comnninlcating data over the customer's datt subscriber line to a transceiver 
located at the central tetephone office (berem referred to as the "CO transceiver"). Par- 
ticular reference wfll be made to Figures 2 and 3 in connection with this discussion. 
The power down operation of the CPE transceiver begins on recopt of a power down 
command (step 80) by the CPE transceiver controller 32. The power down command 
10 may be appBed to the controller 32 fit)m an ©eternal source such as a personal computer 
in which the transceiver is included; it may be generated within the transceiver itself as a 
result of monitoring the input buffer 18 and detemiloing that no data has been appUed to 
it for a given time interval; or It may be responswe to a power down command from the 
CO transcdver. 

ij Considering &r the momem the first two cases, the CPE transceiver responds to 

the command by transmitting to the CO transceiver an "Entering Sleep Mode" signal 
(step 82). The CO transceiver responds by transmitting an "Acknowledge Sleep Mode" 
signal (step 84) to the CPE transceiver. Additionally, the CO transceiver transmits to 
the CPE transceiver a pilot tone (step 86) which enables the CPE transcc^er to maintain 

10 synchronization with the CO transceiver during sleep mode. Spedfically. as shown in 
Figure 1, the pilot tone is applied from the line conditioner SO to the PLL 62 which 
drives the Local Qock 64 in synchrony with the Master Clock 30 at the CO transceiver, 
aock 64 in turn drives the Frame Counter 66 in synchrony with the fi»me counter 36 at 
the CO tianscdver. 

25 The CO transceiver also stores its state (step 88) in receiver section state mem- 

ory 38. The state preferably inchides at least the frequency and time-domain equalizer 
coefficients (FDQ; TDQ) and the echo-canceUer coefficients (ECC) of its receiver and 
the gain of its transmitter. The CO transceiver wiU also maintain the frame count and 
supeifiame count (step 90) to ensure synchrony with the remote CPE transceiver. It 

30 may. at this time, perfbrm its own power reduction (step 92). In particular, it may ro- 
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duce or cut ofif power to the digital modulator/demodulator portions of its transmitter 
and receiver sections; this provides a sigmficant power reduction. Power wiU be main- 
tained, of course, to at least that portion of the analog driver circuitry which transniits 
the pUot tone and other control signals to the C3»E transcdver. 
5 In response to the acknowledgment from the CO transceiver, the CPE trans- 

cdver enters the sleep mode (step 94) in which reduced or no power is appUed to vari- 
ous components of the transceiver. In particular, it stores its state (step 96) in state 
loemory 38, inchiding preferably at least the frequency and time-domain equalizer coef- 
ficients CTOQ; TDQ) and the echo-canceller coefficients (ECC) of its recewer section, 
,0 the gain of its transmitter section, and phase and frequency ofiset of its phase-locked 
loop 62. It then powers down (step 98) its transmitter section, indudmg both the digi- 
tal modulator/demodulator drcuitiy and the analog line drivers. 

During the sleep mode state, the CO transceiver condimes to monitor (step 100) 
the data subscriber line for an "AwakeningT signal from the CPE transceiver (step 104). 
13 The CPE transceiver transmits this signal when its controller receives an "Awaken" 
command (step 102) from an extenial source sudi as a computer in which it is installed 
or from oAer sources . or when its controller detects the presence of data hi the input 
buffifer 18. The CPE transcdver thereupon restores full power to its circuitry (step 106). 
It also retrieves its stored state from the state memory 38 (step 108). It can then imme- 
20 diately begin transmitting , smce it need not repeat the initialization that was earlier re- 
quired to establish requishe parameters (equalizer coeffidents, echo cancdler coeffi- 
dents, gain, phase -lode-loop phase and frequency ofifeets. etc.). Prior to this tune, of 
course, and in response to the ^'AwakeninfiT signal from the CPE transeehrer, the CO 
tnmscdver has restored Hs power (step 1 10), restored its state (step 1 12). and is ready 
2S torecdvB(step 114). 

On resuming communication, h may be desirable to transmit several frames of 
test (known) data (step 1 16) befi>re resuming transmission of user data. This enables 
the system to verify that system conditions have not changed so significantly as to re- 
quire renewed initialization. If the test is satisfectory (step 118), user data transmission 
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then occurs (step 120). Otherwise, reinitialkation must be perfonned (step 122) before 
user data transmission occurs. 

As noted e^Iier^ the transceiver 10 may alternatively be awakened by the CO 
transceiver This is preferably accomplished by means of a tone 120 (Figure 3) transmit- 
5 ted from the latter to the CPE receiver. In response to that tone, the CPE receiver per* 
&rms the sequence of steps stiown at lOO-^l 10 in Hgure 2. 
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CLAIMS 

1 A muiticamcr transceiver having a sleep mode capability , comprising 

A. means responsive to a sleep mode command for: 

(1) storing seleaed state parameters characteristic of the communica- 
tions channel over which the transceiver is operating; and 

(2) redudng power to selected portions of transceiver circuitry; and 

B. means responsive to a wake-up command for: 

(1) restoring the state of said transceiver firom said sleep mode; and 

(2) restoring power to said transceiver, 
to thereby feciUtate restoration of communications without reinitialization of said trans^ 



1 
2 

3 
4 

5 
6 
7 
8 
9 



10 cerver. 



3 



I 



2. A multicanier transceiver according to claim 1 in which said state parameters 
include one or more parameters selected from the group comprising frequency-domain 
equalizer coefficients, tin«wiomain equalizer coefficients, echo canceOcr coefficients, 
phase-lock loop frequency offi^sts, phase-lock loop phase offfeets, and channel gains. 



1 3. A inulticarricrtiartscetvcr according to claim IwM 

2 ing from another transceiver a signal defining a timing reference during at least the time 



when said first transcdver is in sleep mode. 

4. A multicarrier transcdver according to claim 1 in which said signal con^rises a 



2 pilot tone. 
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AMENDED CLAIMS 

[ received by the IntemaJional Bureau on 28 December 1999 (28.12.99); 
original claims 1-4 replaced by new claims 1-1 7 (4 pages)] 

J 1 . A multicarrier transceiver having a sleep mode capability, comprising 

2 A. means responsive to a sleep mode command for: 

3 (1) storing selected state parameters characteristic of the commtini- 

4 cations channel over which the transceiver is operating; and 

5 (2) reducing power to selected pordons of transceiver circuitry; 

6 and 

7 B* means respoxisive to a wake-up command for 
« ( 1 ) restoring power to said transceiver; 

9 (2) restoring the state of said transceiver from said sleep mode by 

Id means of said stored paFameters; and 

n C* means for maintaining a common, synchronized data frame count be- 

12 tween said transceiver and a remote transceiver with which it communicates, to thereby 

t3 ^cilitate restoration of conmiunication without reinitialization of said transceiver, 

1 2. A multicarrier transceiver according to claim 1 in which said state parameters in- 

2 dude one or more parameters selected &om the group comprising fiiequency^-domain 

3 equalizer coefiicients, time-domain equalizer coefficients, echo canceller coefficients^ bit 

4 allocations, coding parameters, j&ne- gains, and subchannel gains. 

1 3. A multicarrier transceiver according to claim 1 in which the means for maintain- 

2 ing said firame count comprises a signal defining a timing reference during at least the 

3 time ^^en said first transceiver is in sleep mode. 

1 4. A miUticaCTier transceiver according to claim 3 in which said signal compitses a 

2 pilot tone transmitted from one transceiver to another with wliich it is in communication. 
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1 5. A multicamcr transceiver according lo claim 4 in which pilot tone is trans- 

2 mitted between said transceivers during both normal operation and reduced power opeia- 

3 tion. 

1 6, A multicarrier transceiver according to claim 1 in which maintaining synchronic 

2 zation includes maintaining synchronization of firame counters between said transceivers, 

1 7, A muldcazrier transceiver according to claim 6 in which maintaining synchroni- 

2 zation further includes maintaining synchronization of the phase of a.synchronizing sig- 

3 nal transmitted between said transceivers. 

1 8. A miilticaiiier transceiver according to claim I including means to transmit an 

z idle symbol to said remote transceiver when said transceiver is in sleep mode. 

1 9. A multicarrier transceiver according to claim 1 including means to transmit to 

2 said remote transceiver a short test signal on awaking ^om sleep mode in order to deter- 

3 mine whether transmission conditions have changed sufficiently during sleep mode to 

4 require reinitialization of s^d transceiver on emerging finom sleep mode, 

1 10. A multicarrier transceiver including 

2 A. mean for storing the state of said transceiver responsive to a state change indicator; 

3 B. means for restoring said state from the stored state parameters to thereby obvi- 

4 ate reinitialization of said transceiver on return ftom sleep mode; 

5 C. means detecting the absence of valid &ame information for generating said 

6 state change indic^r* 

1 IL A multicarrier transceiver including 

2 A. means for storing the state of transceiver responsive to an interrupdon of valid 

3 data transmission; 

4 B. means for entering a sleep mode during said interruption; 
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C. means for maintaining coimnunication of a synchronizing signal between said 
transceiver and another transceiver during sleep mode.; and 

D. means for restoring said state from the stored state parameters to thereby ob- 
viate reinitialization of said transceiver on return from sleep mode. 

1 2. A mnlticarrier transceiver according to claim 1 1 in which communication is 
maintained by transmitting a synchronizing signal to said other transceiver. 

13. A multicairier transceiver according to claim 1 1 in which communication is 
maintamed by receiving by receiving a synchronizing signal ftom said other transceiver. 



1 14, A multiracial transceiver according to clahn 1 1 in which said state includes on or 

2 more parameters selected from the set comprising frequency-domain equalizer coeffi^ 

3 cients* time-domain equalizer coefficients^ echo canceUed coefficients, bit allocatiojis, 

4 coding par^eter, fine gains and subchaimel gains. 



15. A method of providing a sleep mode in amulticanier transceiver characteriKd by 

pluraUty of state parameters characteristic of the communications channel over which 
the transceiver is operating and requiring initialization of said parameters for normal 
communications, comprising the steps of: 

A. stormg selected ones of said stale parameters in response to a sleep mode 

6 command; 

7 B. reducing power to selected portions of the circuitry foUowing said storing; 
C. restoring power to said selected portions in response to an awaken sig^ 

lestoring the state of said transceiver from said stored parameters in response 
to said wakeup signal to thereby obviate reinitialization of said transceiver. 



1 

2 a 

4 
5 



, 16. A method according to claim 1 5 in which said selected state parameters comprise 
2 one or more parameters selected from the group comprising fi^uency-domain equalizer 
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3 coefficients, time-domam equalizer coefficients, echo canceller coefficients, bit alloca- 

4 tions, coding parameters, fine gains, and subchannel gains, 

1 17. A method according to claim 1 5 or 1 6 including the step of niaintaining synchro- 

2 nization in said transceiver with a synchronization signal transmitted to said said trans- 

3 ceiver during the time that said transceiver is in sleep mode. 
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